River (mostly undisturbed) and Boulder Creek (intensively managed for timber production and harvest). The objectives were (1) to determine whether the inventory parameters would permit detection of differences between the two differently managed watersheds and (2) to provide guidelines for determining sample sizes required to detect these differences.
The two streams were stratified on the basis of drainage area and Rosgen channel types (Rosgen 1985) , and then, with a hierarchical habitat typing scheme, they were classified into fluvial geomorphic units. The estimated habitat variables described channel morphology, substrate, large woody debris, and bank conditions. A subset was measured to provide a basis for correcting estimated values.
Depending on the level of analysis (basin, channel type, channel type with equal drainage area), several habitat variables-including mean width, mean and mean maximum depth, frequency and depth of pocket pools, width to depth ratio, pool tail depth, single pieces of large woody debris, and surface fines-were significantly different (p < 0.05) for "B" channel types between the two watersheds. These differences are likely related to differences in management of the two watersheds.
For most habitat variables, 30 habitat units proved adequte for evaluating differences between streams. This corresponded to 10 percent of the sampled units, which would be a considerable decrease in sampling effort. Other studies may require a different sampling ratio.
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INTRODUCTION
Fishery biologists working for the Forest Service, U.S. Department of Agriculture, are required to assess the effects of forest and rangeland management practices on fish habitat on land administered by the agency. To do this, biologists need cost-effective inventory and monitoring tools for detecting differences in habitat conditions between streams. Once such tools are available, land managers still need methods to assess what part of observed differences reflect natural variation among streams and what can be attributed to human-induced disturbances. This is the object of continuing work at the Intermountain Station's Boise Forestry Sciences Laboratory.
The Forest Service's R1/R4 [Northern Region/Intermountain Region] Fish Habitat Inventory Procedures contain a standard set of variables describing stream channels. These variables are assumed to have ecological significance to fish and were identified through formal meetings with Northern Region, Intermountain Region, and Intermountain Research Station fishery biologists. We used the procedures on two differently managed streams in the Payette National Forest, ID, with two objectives: (1) to determine if the sampled habitat variables provide a basis for detecting differences between the two streams and (2) to provide guidelines for assessing the sample size requirements to detect observed differences.
STUDY AREA
Boulder Creek and Rapid River are adjacent and principal tributaries of the Little Salmon River watershed in west-central Idaho, about 50 km northwest of McCall ( fig. 1 ). Watersheds are similar in elevation, climatic conditions, parent geology, and upland and streamside vegetation. Rapid River has only been incidentally affected by forest development, The Boulder Creek watershed has been managed for timber production since 1961. Other significant activities include road construction, livestock grazing, water diversion, recreation, and fuelwood gathering (USDA FS 1991) . In 1989 and 1990, windthrown Englemann spruce in the riparian zone were removed, and large diameter spruce within the riparian zone have been selectively removed in some portions of the watershed. Yantis Ditch, in the uppermost reach, diverts an estimated 80 to 90 percent of the main flow of Boulder Creek to the adjacent Weiser River drainage for summer irrigation.
The Rapid River watershed encompasses 30,925 ha (USDA FS n.d.) with portions of the watershed in the Nez Perce and Payette National Forests. Rapid River enters the Little Salmon River at river kilometer 6. Forest overstory includes ponderosa pine, grand fir, Douglas-fir, and Englemann spruce. Riparian vegetation also includes alder, dogwood, willow, gooseberry, and huckleberry (Vaccinium spp.). The watershed receives an average 85 cm of precipitation annually, mostly as snow from October to April. Our studies in Rapid River were conducted solely in the Payette National Forest, including 16,751 ha of the upper basin. Rapid River is classified a Wild and Scenic River (USDA FS n.d.). The only major road in the drainage parallels the lower 3 km of the stream and is not within the surveyed reach. There are no major land-disturbing activities within Rapid River above the Payette/Nez Perce National Forest boundary ( fig. 1 ). The basin is used for recreation and has a trail system. Livestock grazing is permitted in part of the basin, and some suppression of natural fire has occurred.
METHODS
We surveyed 16.4 km of the Boulder Creek drainage and 11.1 km of the Rapid River drainage above the Payette National Forest boundary. Boulder Creek and Rapid River were stratified using two reach break criteria: (1) a named tributary (identifiable on 1:24,000 scale maps) entering the stream and contributing more than 10 percent to the main channel stream flow and (2) observed change in gross-scale Rosgen channel type ("A", "B", "C") as determined by gradient and channel confinement (Rosgen 1985) .
We further stratified stream reaches into discrete, objectively identifiable geomorphic units called habitat types. Habitat types were first described by Bisson and others (1982) and have been modified by others to characterize habitat for different species across a wide range of streams (such as Bozek and Rahel 1991; Hankin and Reeves 1988; Kozel 1987; Lobb and Orth 1991; McCain and others 1990; Modde and others 1991) . We used a hierarchical scheme to agglomerate habitat types within slow and fast water categories ( fig. 2 ). The boundaries of a habitat type were identified as breaks in slope along the stream's thalweg.
Habitat Type Variables
Attributes of habitat types (table 2) were used to describe channel characteristics. We made ocular estimates of attribute values for each habitat type and measured values for every fifth like-habitat type to develop correction factors (Hankin and Reeves 1988) for the ocular estimates.
Mean width, mean depth, and thalweg length were estimated. Width estimates were verified by averaging subsample measurements collected at distances of one-fourth, one-half, and three-fourths of the thalweg length. We estimated average depth for a given habitat type by prodding a calibrated survey rod at several arbitrarily determined locations. We verified mean depth by measurements along transects located at distances one-fourth, onehalf, and three-fourths the thalweg length. In each transect, three depths were taken at one-fourth, one-half, and three-fourths the wetted width. To calculate average measured depth, the nine measurements were summed and divided by 12 (at each transect a measure of zero is included to account for a theoretical depth of zero at the banks). Maximum habitat depth was located and measured for every habitat type using a survey rod. We calculated a width-to-depth ratio by dividing the wetted average
Step-pools (STP) Figure 2 -Hierarchical habitat typing scheme and codes used to stratify Rosgen (1985) channel types into like habitat types within Boulder Creek and Rapid River.
width by average depth for each habitat type. To compensate for unequal habitat unit sizes, average width was weighted by reach area and average depth by reach volume. Weighted widths and depths were used in width to depth ratio calculations. Pocket pools (small pools less 1 m 2 ) formed behind channel obstructions (typically boulders and logs) were counted, and an average maximum pocket pool depth was calculated and recorded for each habitat type.
Substrate composition was estimated for the entire submerged area of a habitat type, except in pools where the estimate was made only in the tails (pool tails are the transitional portion of stream between a slow and fast water habitat type and are critical sites used by spawning fish). Substrate was classified by the percentage of particles that were fines (less than 0.2 cm), gravels (0.2 to 7.5 cm), rubble (7.5 to 15 cm), cobble (15 to 30 cm), boulder (more than 30 cm), and bedrock. A pebble count (Wolman 1954) verified the ocular estimates of substrate at every fifth habitat type.
We measured and recorded maximum depth in tails of pools. Residual pool maximum depth was calculated by subtracting the pool maximum depth from the pool tail maximum depth. Residual pool volume was calculated by multiplying the residual pool maximum depth by the total pool area (Lisle 1989) .
We inventoried large woody debris (LWD) in the bankfull channel of all habitat units. Large woody debris is defined as pieces of wood at least 3 m in length or two-thirds the channel width and 0.1 m in diameter at one-third the distance from the large end. Each single piece was counted, and the length and diameter were estimated in every habitat type. To develop correction factors for LWD dimensions, we collected at least 10 or more measurements of pieces per day. Aggregates-defined as two or more single pieces acting together-were counted, the number of pieces were estimated, and the length, width, and depth of the aggregate were estimated. Rootwads were counted, and the length and diameter were estimated.
We took water and air temperatures and time of day at reference points throughout the survey. Water and air temperatures were taken each morning, noon, and afternoon.
Statistical Analysis
We evaluated habitat type variables from four perspectives. On an overall basis, we computed summary statistics for each study area. Because of differences in the characteristics of the watersheds, we also looked at summary statistics for "B" channels only (Rapid River had no "C" channel within the study area). Because the Rapid River watershed is larger than that of Boulder Creek, we used a planimeter to select only the Rapid River "B" channel reaches that drained a catchment area similar in size to that of the Boulder Creek study area. Using the Payette National Forest's Subwatershed Inventory Map (1:126,720 scale), we determined that this included all of Rapid River above Paradise
Creek (approximately 15 percent larger than the total Boulder Creek watershed). However, the Boulder Creek summertime flow is reduced because of the Yantis Ditch diversion. The diversion is hand constructed each summer and should not have any effect on channel shaping flows. Finally, we computed summary statistics for pool habitats within the "B" channel similar drainage areas only.
We calculated means and standard deviations for each habitat type variable and used a t-test to look for statistically detectable differences in the means of the variables between the two streams. We did not assume equality of variances and tested whether comparisons of means should be based on equal or unequal variances. For tests in which actual probabilities are not shown, such as equality of variances, we used an alpha level of 0.05.
Habitat type variable means and standard deviations are calculated from sampling of all habitat types within the inventoried reaches of the stream. This is labor intensive and costly. We wanted to determine if the sampling effort could be reduced by sampling only a portion of the habitat types.
We reduced the full data set by eliminating habitat units to simulate sampling at frequencies of 67, 50, 33, 25, 20, and 10 percent. We looked at the similarity of means and standard devisions and at the ability to detect differences between streams at various frequencies and similar frequencies to see if the reduced samples provided equivalent habitat information for less effort. We also selected variables that appeared to be useful indicators of habitat differences between streams, and plotted required sample size against detectable change for several levels of significance and test power (Parkinson and others 1988) . The "power" of a test, calculated as 1-beta, indicates its ability to detect differences between two means that are, in fact, different. To produce these graphs, we used the following equation:
where N is required sample size, SD is the sample standard deviation, X is the sample mean, p is the detectable change expressed as a percentage of the mean, and k is a constant determined by alpha and beta (Parkinson and others 1988) . We used the sample statistics from the "B" channel stratification (unequal drainages) for these computations. Unequal drainages were used because they produced a larger sample size and, therefore, a better estimate of the true variance.
We assumed that all variables were distributed normally. For purposes of estimating required sample sizes, minor errors resulting from lack of normality should be unimportant because we are suggesting sampling frequencies as general guidelines and not prescribing precise sampling needs.
RESULTS
Nine study reaches in Boulder Creek and seven in Rapid River were identified (figs. 3, 4). Boulder Creek was 12.4 percent "A" channel, 79.8 percent "B" channel, and 7.8 percent "C" channel, whereas Rapid River was 26.4 percent "A" channel and 73.6 percent "B" channel.
Habitat Differences
Overall and "B" Channels-Comparison of mean habitat values between study areas, irrespective of drainage area or channel type, revealed the importance of stratifying by these categories. Several habitat variables were significantly different between the two watersheds at this level when compared directly (table 3) or when only "B" channels were compared (table 4) . Mean depths (average and maximum) were higher in Rapid River than in Boulder Creek. The frequency and mean depth of pocket Creek, and Rapid River exhibited deeper pool tails and greater habitat type water volume, on average, than Boulder Creek. However, mean volume differences were not significant when only "B" channels were compared. At these levels of analysis, surface substrate in Rapid River had a smaller percentage of surface fines, gravel, and rubble and a greater percentage of cobble and boulder than did Boulder Creek. Single pieces and aggregates of large woody debris were nearly twice as abundant in Rapid River as in Boulder Creek. Mean LWD length increased with increasing mean LWD diameter in Rapid River. However, in Boulder Creek mean LWD length began decreasing with increasing mean LWD diameters for pieces greater than 0.6 m in diameter ( fig. 5 ).
Width-to-depth ratios were lower in Rapid River than in Boulder Creek.
Similar Drainage Areas-Comparison of mean habitat values for similar sized drainage areas showed fewer differences between the two watersheds. Habitat type dimensional variables that were significantly different at the overall and "B" channel levels (width, mean depth, area, and volume) were not significantly different when similar-sized drainage areas were compared (table 5). Maximum frequencies were no longer significantly different between the watersheds.
Pools Only-Comparisons of pool habitat types between study areas with similar drainage areas showed similar differences as detected in the previous comparison using like drainage areas. Pools in Rapid River were greater in length, area, and volume than pools in Boulder Creek (table 6) . Pools were deeper and held lower amounts of fine material in Rapid River than in Boulder Creek. Single pieces of LWD in Rapid River pools were twice those observed in Boulder Creek pools. Of the variables associated only with pool habitat types (residual maximum depth and volume, and pool tail depth), pool tail depth alone was significantly greater (p < 0.01) in Rapid River. No differences were detected between watersheds for residual pool depth and volume.
Frequencies of shallow (<1 m maximum depth) and deep (>1 m maximum depth) pools were compared between watersheds using three levels of analysis: overall, "B" channels only, and "B" channels with similar-sized drainage areas. At all three levels, Rapid River had two-to threefold greater frequency of deep pools than Boulder Creek (table 7) .
Mean water temperature in Rapid River was 9.7 °C with a range of 7.5 to 12.2 °C. In Boulder Creek, temperature ranged from 6.0 to 17.0 °C with a mean of 11.6 °C. Boulder Creek logged tributaries had a mean high of 12 °C, where Rapid River tributaries had a mean high of 8 °C. habitat depth, pocket pool depth and frequency, and single pieces of LWD/100 m were still significantly higher (p < 0.01) in Rapid River. Rapid River substrate composition still had significantly fewer (p < 0.01) fine sediments. Frequencies of LWD singles in Rapid River were still nearly double those observed in Boulder Creek. The LWD aggregate 
Sampling Frequency Analysis
For selected variables measured in all habitat types, no apparent differences in statistical information provided by habitat attribute statistics for the selected indicator variables were seen at sampling frequencies of 10 percent or greater. There seemed to be some differences in sensitivity to sampling frequency among these variables. Fine sediment statistics, for example, seemed to start fluctuating at about the 20 percent sampling frequency. This 10 percent sampling frequency corresponded to sample sizes of 23 in Rapid River and 37 on Boulder Creek, for a combined sample size of 60. For habitat-specific variables (pocket pool depth and pool volume), however, sample sizes were small at this frequency, dropping to 10 or less for pool volume. At the 10 percent frequency for these variables, means, standard deviations, and probabilities related to comparisons between means appeared to become unstable. At the 10 percent sampling frequency, estimates of population means generally differed by less than 10 percent from the 100 percent frequency estimate (table 8) .
The ability to detect significant differences among means varied with sampling frequency. Nevertheless, except for pool volume, differences detected between means at 100 percent sampling frequency remained also statistically detectable at 10 percent.
Except for pool volume and LWD, data for Rapid River appeared to be less affected by sampling frequency reduction than Boulder Creek data. This may be due to less inherent variability, as is suggested by the generally lower sample standard deviations on Rapid River for any given attribute. The deviations exhibited by pool volume and LWD reflect reduction in channel structure and, therefore, pool diversity. In addition to evaluating the sampling frequencies that supply approximately equal information about the habitat conditions on a given stream, we can also ask what sample size would be required to allow us to detect a change of a given magnitude in a particular habitat variable. We may be able to detect statistically significant differences in a particular attribute between two streams, but the magnitude of difference may not be biologically important. We address this issue with the power curve analysis of Parkinson and others (1988) .
Habitat type attributes that seemed most indicative of differences between Boulder Creek and Rapid River (indicator variables) included maximum depth, pocket pool frequency and depth, LWD frequency, pool tail depth, and pool volume. Based on the standard deviations of these variables within "B" channels, sample sizes required to detect a given level of change for various levels of significance (alpha) and power (1-beta) are plotted in figures 6 through 11.
The variables vary with respect to their ability to detect change, but large changes should be detectable at moderate sample sizes (except for single LWD frequency and possibly pool volume). For example, we observed a difference in maximum depth of 36 percent between Boulder Creek and Rapid River "B" channels. Monitoring Boulder Creek to detect an increase in maximum depth of this magnitude at any level of significance or power should be possible with a sample size of about 20 habitat types. On the other hand, the difference in single LWD frequency was 41 percent, but the high variation in the watersheds suggests that nearly 500 
DISCUSSION
The first objective of this paper was to determine which of several variables sampled provided a basis for detecting differences in habitat between Boulder Creek and Rapid River. Stream size, gradient, and discharge (tables 3 and 4) influence habitat type dimensions and substrate composition. By reducing the data set to like channel types and drainage areas, we reduced the influence of stream size and gradient so that meaningful comparisons can be made to help detect differences. Unfortunately, however, the Yantis Ditch diverts water so that flows are below the level that would be expected on the basis of catchment area.
In western Washington, Ralph (1992) found the size class of woody debris in intensively logged basins to be appreciably smaller, but the overall number of pieces were not significantly different when comparing intensively logged basins to unharvested basins. The LWD was usually smaller and less stable in clearcut logged stream reaches than in old-growth or buffered areas (Bryant 1983; Toews and Moore 1982) . The effects of logging on LWD in the streamside areas results in the decrease in LWD frequency and size over time, as wood is decomposing and moving downstream (Bisson and others 1987; Swanson and Lienkaemper 1978) . In-channel LWD size can also be reduced as small pieces of wood are contributed by the smaller second-growth timber (Sedell and others 1988) . Boulder Creek and Rapid River have similar streamside vegetation. Streamside logging, road construction, and blowdown removal has occurred along Boulder Creek (USDA FS 1991). The number of single pieces of LWD within Boulder Creek "B" channel types with like drainage areas is only half of what it is in Rapid River (table 6). The larger diameter (>0.6 m) LWD in Boulder Creek is shorter than that of Rapid River (fig. 5 ). Published results showing decreases of LWD frequency and size are consistent with our finding in the logged basin.
Surface fines, stream temperature, LWD, pool frequency and size, and width-to-depth ratios are variables that we expect to respond to changes in sediment delivery, water yield, and LWD availability. In addition to the reduction of summer flows by irrigation withdrawal, logging and roading in Boulder Creek also resulted in sediment yields exceeding natural rates (BOISED model, USDA FS 1992) . Boulder Creek has more in-channel fines than Rapid River (12.23 percent versus 9.66 percent, p < 0.01, table 5). Although this difference was highly significant, the difference between means habitat types would have to be sampled to detect this magnitude of change. The effect on sample size of significance and power levels becomes increasingly important as the desired level of detectable change decreases, sharply increasing sample size requirements.
was only 2.57 percent. Megahan (1982) suggests that decreased LWD can result in decreased sediment storage and increased sediment yield at the mouth of a basin. Boulder Creek, with half the LWD of Rapid River, has reduced in-channel storage capacity for sediment, so sediment transport to downstream areas probably is occurring.
Rapid River had significantly larger (area and volume) and deeper (mean and max) pools with a lower width-to-depth ratio, less surface fines, and almost twice the number of single LWD pieces for like "B" channel types and drainage areas (table 6) . Pool widths were not significantly different between the streams. In Boulder Creek (table 7) , "B" channel types with equal drainage area have fewer pools (5.7 versus 6.9/100 m) than are found in Rapid River. Of those Boulder Creek pools, 86 percent are less than 1 m deep, compared to Rapid River with 65 percent of pools less than 1 m deep. Boulder Creek shallow pools have greater length (83.41 versus 66 m), where Rapid River deep pools have twice the length (34 versus 16.6 m). Rapid River has twice as many pocket pools (11.12 versus 5.00/100 m) that are significantly deeper (0.46 versus 0.37 m, p = 0.001) than those of Boulder Creek (table 5) . These differences may be a result of the Boulder Creek channel adjusting to increases in sediment, water yield, and decreases in LWD resulting from timber harvest in Boulder Creek. Forest management can alter channel morphology by changing the amount of sediment and water contributed to streams. Excessive sediment can smooth the channel gradient by filling pools and by removal of woody debris, which reduces sediment storage and eliminates the local hydraulic variability (Heede and Rinne 1990; Sullivan and others 1987) . Number, area, and volume of pools decreased as a result of the removal of LWD (Bilby 1984) . Heifetz and others (1986) observed less large organic debris and less pool area in stream reaches bordering clearcuts. The reduced volume of water due to the Yantis Ditch diversion is another probable cause of observed pool differences, most likely affecting pool depth and volume in the upper reaches of Boulder Creek.
Width-to-depth ratios for "B" channel and like drainage areas were not significantly different, nor were the mean widths or mean depth. But the difference in mean maximum depth was highly significant (table 5), and differences in pool width to depth ratios were highly significant (table 6). The lack of differences in width is probably due to the resistant nature of "B" channels, as banks were stable and well armored, and the mean maximum depth is probably due to the reduced water volume resulting from the Yantis Ditch diversion.
SAMPLING FREQUENCY GUIDELINES
The second study objective was to determine the sampling frequencies that were required to detect differences between systems so that the most costeffective inventory strategy can be applied. At reduced sampling frequencies, we observed similarity in most habitat variable means and standard deviations and still had the ability to detect significant differences between the two streams. The 10 percent sampling frequency corresponds to sample sizes of at least 20 to 25 habitat types from each stream; 30 percent sampling frequency corresponds to at least 75 to 117 habitat types from each stream. We concluded that assessment of every tenth habitat type represents an adequate inventory for describing 12 km of stream, or for looking for habitat differences between 12 km of similar reach types on two streams for most of the variables analyzed. Sampling longer sections should require reduced sampling frequency to maintain samples of an adequate size.
Our analysis of samples needed to detect differences between Boulder Creek and Rapid River suggests that this type of inventory may be less than perfect in monitoring efforts. One of the most obvious differences between the logged Boulder Creek watershed and the nearly pristine Rapid River watershed was the frequency of single pieces of LWD. Unfortunately, to detect a 41 percent increase (the difference we observed) in LWD would require sampling about 500 habitat units. Five hundred units in Rapid River and Boulder Creek is equivalent to our 100 percent sampling frequency.
Based on this study, we would recommend sampling approximately 30 percent of the habitat types or ensuring that 75 to 100 habitat types are sampled for the analyzed variables, except LWD. If LWD is going to be used for assessing habitat condition, we recommend counting LWD in all habitat types.
CONCLUSIONS
We conclude that the frequency and maximum depth of pools, and the frequency and size of single pieces of LWD were different in Boulder Creek and Rapid River when the same channel types and similar drainage areas were compared. The differences are those that one would predict to be produced by the timber harvest and flow diversion, based on the literature. Our sampling intensity did permit detection of differences in sediment and in the frequency and size of LWD. Differences in pool characteristics were detected at a 10 percent sampling frequency. Because of high inherent variation, detecting differences in LWD requires that all habitat types be sampled. Differences in fish habitat variables between two studied watersheds may be related to differences in land management. In using the R1/R4 Watershed-Scale Fish Habitat Inventory Process, for most habitat variables, evaluations of sample sizes of at least 30 habitat units were adequate. Guidelines will help land managers in determining sample sizes required to detect differences, under varying management, of such variables as channel morphology, substrate, large woody debris, and bank conditions. KEYWORDS: habitat variables, sampling frequency, logging effects, channel morphology, streams
